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ORGANOS IL ICON CHEMISTRY
Period covered October 1, 1976 to September 30, 1979

Final Scientific Report

Personnel Employed at Various Times on This Grant

The following people were employed as post-doctoral Research Associates:
Drs. Tai Shan Fang, Hiro;hige Okinoshima, and Bruce I. Rosen. The following
people were employed as Research Assistants on this project: Shin-Shin Chen,
L James Chihi, Sair Hagopian, Bruce I. Rosen, cowrie N. Soysa, H.S.D. Soysa,
Kent P. Steele, Robert Swaim, Dongjaw Tzeng, and Tai Yin Yang.

Equipment Purchased during Grant Period

The following equipment was purchased for use as parts for high
pressure liquid chromatography system which are functioning quite well.
1) Strip Chart Recorder, Fisher Scientific

2) Laboratory Data Control (LDC) Model 709 Pulse Dampener for
existing Milton Roy Mini~pump

3) LDC 1107 Refracto-monitor with low index prism, Cole Scientific

4) LDC Cell Assembly (high-index prism) Cole Scientific
5) Variable Volume, Universal Injector (7000 psi rated), Altex
6) Fraction collector FC-100 Gilson

7) A Rheodyne injector for the HPLC was purchased through Applied
Sciences Laboratories

8) A high pressure pump for a liquid chromatograph: Altex model
110-00 which permits delivery of solvents at 5000 psi was obtained
through Cole Scientific

{ The following other equipment was purchased for use on this grant:

9) 450 Watt power supply for use with medium pressure mercury lamp,
Conrad Hanovia

10) Rotavapor Buchi, Van Waters and Rogers
11) Vacuum Pump, Van Waters and Rogers
12) Hewlett Packard flame fonfzation gas chromatograph model 5711A
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Publications

1. Synthesis of 4,5-Dihydrobenz[b]furans, 4,5-Dihydrobenzo[b]thiophenes,
and 4,5-Dihydroindols - Vacuum Pyrolysis - Electrocyclic Reactions,
B.1. Rosen and William P. Weber, Tetrahedron Letters, 151 (1977).

2. A New Route to Dimethylsilanone [(CH,),Si=0]; Deoxygenation of
Dimethylsul foxide by Dimethylsilylene, H.S.D. Soysa, H. Okinoshima,
and William P, Weber, J. Oragnometal. Chem,, 133, C-17 (1977).

Bl e

o

3. Cyclization via Pyrolysis, William P. Weber and Brice Irwin Rosen,
Chemical Technology, 690 (1977).

4. Facile Reduction of Sulfoxides by Disilthianes, H.S.D. Soysa and
William P, Weber, Tetrahedron Letters, 235 (1978).

5. Photolysis of Aryl Substituted Disilanes in the Presence of DMSO,
: Hiroshige Okinoshima and William P, Weber, J. Organometal. Chem.,
i 149, 279 (1978).

6. Insertion of Methylphenylsilylene in Cyclic Siloxanes - Effect of
Ring Size on Siloxane Reactivity, H, Okinoshima and W.P. Weber,
J. Organometal, Chem., 150, C25 (1978).

7. Photolysis of Heptamethyl-2-phenyitrisilane and Octamethyl-2,3-
diphenyltetrasilane in the Presence of DMSO, Hiroshige Okinoshima
and William P, Weber, J. Organometal. Chem., 155, 165 (1978).

8. Reduction of Sulfoxides by Dichlorocarbene under Phase Transfer
Catalysis Conditions, H.S.D. Soysa and William P. Weber, Tetrahedron
Letters, 1969 (1978).

9. Pyrolysis of Hexamethylcyclotrisilthiane and Tetramethylcyclodisilthiane
in the Presence of Cyclic Siloxanes. Evidence for the Intermediacy of
Dimethylisilathione [(CH,),Si=5], H.S.D. Soysa and William P, Weber,

J. Organometal. Chem., 165, C1 (1979).

10.  Pyrolysis of 1,1,2,2-Tetramethyl-1,2-Disila-3,6-Dithiacyclohexane -
Evidence for Dimethylsilathione [(CH,);S1=S] Intermediate, H.S.D.

??5;;5 I.K. Jung, and W.P. Weber, J. Organometal. Chem., 171, 177

11. Reinvestigation of the Photolysis of Aryl-Substituted Disilanes in
The Presence of Dimethylsulfoxide, K.S. Dilanjan Soysa and William
P. Weber, J. Organometal. Chem., 173, 269 (1979).
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12. Photo-Oxidation of 1,1,1-Trimethy1-2,2,2-Triphenyldisilane by DMSO,
??ger; E. Swaim and William P, Weber, J. Am. Chem. Soc., 101, 5703
79). N

13. Insertion of Dimethylsilylene into 0-H and N-H Single Bonds, Tai-Yin
Yang Gu and William P. Weber, J. Oragnometal. Chem., in press.

14, Mechanism of the Reactions of Dimethylsilylene with Oxetanes,
Tai-Yin Yang Gu and William P, Weber, J. Am. Chem. Soc., submitted.

15. Mass Spectrometry of Aryl-substituted Di- and Tri-Siloxanes,

Robert E. Swaim and William P, Weber, J. Organic Mass Spectrometry,
submitted.




Seminars were presented on work supported by the AROSR at the following

institutions:
California State University at Fullerton, February 24, 1977
Pennsylvania State University, November 10, 1977

California State University at Northridge, November 4, 1977
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Grace Chemical Company, Research Center, Columbia, Maryland,
May 31, 1978

University of Puerto Rico-Rio Piedras, April 2, 1979
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University of Maryland, College Park, Maryland, April 10, 1979 &y

Temple University, Philadelphia, Pennsylvania, April 12, 1979 B 4 L : j“

University of Delaware, Newark, Delaware, Aoril 13, 1979 y -

’ Papers Given at Scientific Meetings / j i
Invited Lecturer Kipping Award Symposium -
National Meeting of the American Chemical Society, Anaheim, California _

March 17, 1978

Fifth International Symposium on Organosilicon Chemistry, Karlsruhe, !
West Germany, August 14-18, 1978

Reduction of Sulfoxide by Dichlorocarbene under Phase Transfer
Catalysis Conditions at Pacific Conference on Chemistry and
Spectroscopy, September 28, 1978

Organized and Chaired Symposium on “Phase Transfer Catalysis" at
Pacific Conference on Chemistry and Spectroscopy at the American
Chemical Society Western Regional Meeting, San Francisco,
California, September 28, 1978,
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X111 Organosilicon Symposium, Ann Arbor, Michigan, March 30-31, 1979

Photo-oxidation of 1,1,1-Trimethyl1-2,2,3-Triphenyldisilane by DMSO
at the American Chemical Society National Meeting, Washington, D.C.,
September 1979 (presented by R.E. Swaim)
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Research Accomplishments

Most of our work has been published (see publication list). Often
results related to a single goal or objective are the subject of more

than one publication. For this reason, | will attempt to summarize the

e W A A Ay

scientific success of the past three years (October 1, 1976 to September 1
30, 1979) achieved with the support of the Air force Office of Scientific |
Research AROSR 77-3123, 1 hope this will bring our work into clearer
focus.

\ Our results can be divided in six main areas,
¥ ’ 4 » [
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¥ A. Several aspects of the chemistry of polysilane-po)ysulfideilhufg/:;en
studied. He have determined that the easily established thermal equilibra-
tion of heximethylcyclotrisilthiane and tetramethylcyclodisilthiane
involves the intermediacy of dimethylsilathione [(CH3)251-S] a reactive

specfes possessing a sflicon-sul fur double bond.
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Dimethylsilathione generated by pyrolysis of either hexamethylcyclotrisilthiane
or tetramethylcyclodisilthiane has been trapped by insertion into Si-0 single
bonds of hexamethylcyclotrisiloxane or 1,1,3,3-tetramethyl-2-oxa-1,3-
disilacyclopentane to yield new organosilicon heterocycles possessing Si-0

and Si-S single bonds. H.S.D. Soysa and W.P. Weber, J. Organometal. Chem.

165, €1 (1979).
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Ne have also found that the pyrglysis of 1,1,2,2-tetramethyl-1,2-disila-
3,6-dithiacyclohexane to yield 1,1-dimethyl-1-sila-2,6-dithiacyclopentane
1,1,2,2,4,4-he »methyl-1,2 4-trisila-3,5-dithiacyclopentane and ethylene

in equal amounts involves the intermediacy of dimethylsilathione as an

intermediate.
N N N S
S"_.SK\ A ™ S’}i\‘s CHy==CMH
+ =
5 8 PSR 3 s + N |/ 2 ?

S L 6 Ss—s{

The reaction occurs via a three step mechanism. The first step involves
a [#2s,n25,725] cycloreversion reaction of 1,1,2,2-tetramcthyl-1,2-disila-
3,6-dithiacyclohexane to yield ethylene and two dimethylsilathione inter-
mediates. This step is rate determining. The second step is head to tafl
dimerization of the dimethylsilathione intermediates to yield tetramethyl-
cyclodisilthiane. The third step involves a rapid redistribution reaction

between 1,1,2,2-tetramethyl-1,2-disila-3,6-dithiacyclohexane and tetra-

v




methylcyclodisilthiane to yield 1,1-dimethyl-1-sila-2,5-dithiacyclopentane
and 1,1,2,2,4,4-hexamethyl -1,2,4-trisila-3,5-dithiacyclopentane in equal
amounts. H.S.D. Soysa, I.MN. Jung, and W.P. Weber, J. Organometal. Chem.
171, 177 (1979).
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We have shown that sul foxides are easily rgduced by disilthianes.
This is one of the few applications of organosul fur derivatives of silicon
to organfc synthesis. Specifically either hexamethyldisilthiane or hexa-
methylcyclotrisilthiane reacts with sul foxides in chloroform, or methylene
chloride to give high yields of the corresponding sul fides, siloxanes, and
elemental sulfur. Advantages of this method are that yields are high, the
conditions are neutral and milds, and the reaction rates are rapid. A
number of functional groups--such as f-keto and a-chloro are tolerated
by these disilthiane reagents. H.S.D. Soysa and W.P. Weber, Tetrahedron
Letters, 235 (1978).
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8. The photochemical generation of silicon-oxygen doubly bonded intermediates

7
/
and the study of the insertion of these intermediates into Si-0 single bonds

of siloxanes have been primary research goals of this project. Such insertion
/L—-i Yo o s

reaction might providé new ways to functionalize silicone polymers,

# We have generated dimethylsilanone, methylphenylsilanone and diphenyl-
silanone in photochemical reactions. Our first success in this project was

the finding that dimethylsilylene generated by photolysis of dodecamethyl-

cyclohexasilane would deoxygenate dimethyl sul foxide, as well as various

tertiary amine oxides to yield dimethylsilanone ((CH3)25i-0].

During the course of this work we unexpectedly found that dimethylsilylene
would insert into Si-0 single bonds of hexamethylcyclotrisiloxane to yield
1,1,2,2,4,4 6,6-octamethyl-3,5,7-trioxo-1,2,4,6-tetrasilacycloheptane.
This is the first example of insertion of a silylene into an Si-0 single
bond of a siloxane. H.S.D. Soysa, H. Okinoshima, and W.P. Weber, J.
Organometal. Chem. 133, C17 (1977).
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Unfortunately, the scope of this insertion reaction was found to be limited

to angle strained siloxane bonds. Thus dimethylsilylene inserts into
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$i-0 single bonds of hexamethylcyclotrisiloxane but not into the less
strained Si-0 single bonds of octamethylcyclotetrasiloxane. Methyl-
phenylsilylene was found to be less reactive than dimethylsilylene in
insertion reactions into Si-0 single bonds of siloxanes. Thus methylphenyl-
silylene will insert into the strained Si-0 single bond of 1,1,3,3-tetra-
methyl-2-oxo0-1,3-disilacyclopentane but not into the less strained

Si-0 single bonds of hexamethylcyclotrisiloxane.

| / S
[ ::S~] + \\ﬁ\:‘wg.// —— \\& &’/
Ph o) > \s.——o/ "
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Ph
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Ph F (e] /S.\o/ ‘\

H. Okinoshima and N.P. HWeber, J. Organometal. Chem. 150, C25 (1978).
Fortunately, no such limitation has been found in the insertion of
silanone intermediates into Si-0 single bonds of siloxanes.

(CH Si-O-Si(CH3)3 + [ﬂ2$i=0] * (CM3)351-0-51-0-51(CH

: 33
¢

3)3

R.E. Swaim and W.P. Weber, J. Am. Chem. Soc., 101, 5703 (1979).
Insertion reactions of dimethylsilanone, methylphenylsilanone, and

diphenylsilanone into Si-0 single bonds of siloxanes have been studied.
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Ke have also found that photo-oxidation of aryl substituted disilanes
in the presence of dimethyl sulfoxide proceeds by two major pathways.
One involves direct oxidation of the Si-Si single bond of the disilane

to yield a disiloxane and dimethyl sulfide.

o Pn
P |
J e, (A
/S" v, / - (l) + S/
£ ey BN .
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The second involves nucleophilic attack by the oxygen of DMSO on the
aryl substituted silyl center of the photoexcited disilane which causes

the aryl group to migrate to the other silyl center resulting in formation

of an aryl substituted monosilane, a silanone intermediate and dimethyl-

sul fide in a single step.

PiSec -~ 8iCiy, |

.

‘6

’
’
(CH)\S

—e [Ph,Si=0] + Me,S ¢ (CH,),SiPh
: mn

This reaction has been studied in detail for both aryl substituted di-, tri- and

tetrasilanes. M. Okinoshima and W.P. Weber, J. Organometal. Chem. 149,

—




279 (1978), H. Okinoshima and W.P. Weber, J. Organometal. Chem. 155,

165 (1978). The fact that the quantum yield for these photochemical
oxidation reactions are quite high (¢ = .5) is of particular importance.
Silanone intermediate can be gencrated with high efficiency. Kinetic

data was found to fit the following mechanistic scheme.

L] L
1+ he — 1* « Me, SO — complex —+ products

i

Mgenct : decomposition
I = aryl substituted disilane.

The rate of disappearance of DMSO was found to obey the kinetic expression
below. 1a = 1ight intensity.

. 11, [MesSO)
- \0 d " - il rl ] R
Ol = S B ® il
'ka,.nﬂ “l |

- MeSQ) = E LA
dr/d[Me,SO) Kl [MexSO] + n

A Stern-Volmer plot of 1/% versus 1/[DMS0) was found to be linear with an

intercept of approximately unity--as predicted.

o -

Stern-Volmer denendence on Me,S0 concentration of the quantum yield for
reaction [ with uczso. ”
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Further in the case of 1,1,1-trimethyl-2,2,2-triphenyldisilane a
major solvent effect on the ratio of the two photo-oxidation processes was
found. Thus in furan sclvent formation of diphenylsilanone was the
major process., While in tetrahydrofuran, the formation of 1,1,1-trimethyl-
3,3,3-triphenyldisiloxane was the dominant pathway. H.S.D. Soysa and
W.P. Weber, J. Organometal. Chem. 173, 269 (1979), R.E. Swaim and W.P,

Weber, J. Am. Chem. Soc. 101, 5703 (1979).

C. Novel reactions of silylenes;

Dimethylsilylene generated by photolysis of dodecamethylcyclohexa-
silane has been found to insert efficiently into 0-H single bonds of
water and alcohols as well as into N-H angle bonds of amines to yield

respectively alkoxydimethylsilanes and aminodimethylsilanes.

R-0-H ¢ [(CHJ)ZSi:] . R-O-ﬁi-H

H
|

(CHy) hH, ¢ [(CH),Si:] = (o 3-&-?i-u

Insertion of dimethylsilylene into 0-D bands of deuterated alcohols provides

an efficient route to alkoxydimnthylsiIane-Si-dl

I
Si:] + CH,-CH,-0-Si-D

CHy-CH,-0-D + [(CH i %

2 3)2

This reaction should provide the most economical method to prepare

deuterated silanes. T.Y.Y. Gu and W.P. Weber, J. Organometal. Chem.,

in press (1979). (A pre-print of the manuscript appears as Appendix 1).




b
3
i
¥

The reaction of dimethylsilylenes with oxetanes has been found to

give high yield of allyloxydimethylsilane and 2,2-dimethyl-1-oxa-2-
silacyclopentane. The formation of these products results from decompo-
sition of an initial 1,2-zwitterionic intermediate formed coordination

of the electrophilic dimethylsilylene with the oxygen of oxetane.

\/‘\ A

" —Si—H

[] o+ e si:) —= |22t ~

 ICSA 0 N LS (-,AX
o
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0
Similar results have been cbtained in reactions of dimethysilylene with
2-methyloxetane, 2,2-dimethyloxetane, 3,3-dimethyloxetane and 2-vinyloxetane.

A X
(___(\ ¢ {0 81] o E(\
0 "
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31l

While dimethyisilylene does not react with strained aliphatic ethers--

it may well for complexes with them, Clearly the influence of solvation
on silylene reactivity needs to be determined. This paper by T.Y.Y. Gu
and W.P. Weber has been submitted to the Jour. of the Amer. Chem. Soc. for

consideration., A preprint is included as Appendix 11,
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1D, Work has been done to elucidate the mass spectral fragmentation
patterns of several classes of aryl substituted disiloxaneil"ikotopic
labelling and peak matching were used to substantiate the proposed
fragmentation mechanisms.

Siliconium ions dominate the spectra. Lloss of neutral fragments
from the M-15 jons is important. For example, the M-15 jons of phenyl-
pentamethyldisiloxane looses methane, dimethylsilanone and phenyl-

methylsilanone to yield daughter siliconium ions.

+
[(cu3)51=o] + ¢-S{CH

)
32
o b e N e SR 5
$1-0-Si(CH.), =  $-5§-0-Si
P 3’3 (
CH, CH B

(¢-CH,Si=0]

-
- .
(CHy) 51 S o
’ 3 »
CH3-SNg 1(CH3)2

* metastable observed

A manuscript reporting these results has been submitted to the
Jour. of Organic Mass Spectrometry for consideration. A copy of this

manuscript is included as Appendix I11,
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‘37(E° #e-have found that dichlorocarbenc gemerated under Phase Transfer

-
-

Catalysis conditions efficiently deoxygenates sulfoxides to yield sulfides.

1
$S-0 + [:C81,] —= ¢S + e -
, $ e
H.S.D. Soysa and W.P. Weber, Tetrahedron Letters 1969 (1978). This work
is related to the previously discussed deoxygenation of sulfoxides by

disilthianes--see section A.
~

-

oy /r,; We-have examined the gas phase vacuum pyrolysis of several five membered
hcterucyc)ic-l,Q-buiadienes.}kjlcctrocyclic reaction yields 4,5-dihydro-

benzo-furans, thiophenes and indoles.

NN — 3]

X=0,S, N-CH3

B.1. Rosen and W.P. Weber, Tetrahedron Letters 151 (1977). This
reaction provides an efficient route to these partially reduced hetero-
cycles which are inaccessible by other methods.

Finally, we have reviewed our work on similar electrocyclic pyrolysis

reactions to prepare dihydroaromatic compounds. W.P. Weber and B.I. Rosen,

Chem. Tetrahedron., 690 (1977).
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APPENDIX 1

INSERTION OF DIMETHYUSILYLENE INTO O-H AND N-H SINGLE BONDS

Tai-Yin Yang Gu and William P. Weber*
Department of Chemistry

University of Southern California
Los Angeles, California $0007

Abstract

Dimethylsilylene, generated by photolysis of dodecamethylcyclohexasilane,
inserts efficiently into 0-H single bonds of alcohols to yield alkoxydimethyl-
silanes. Use of ethanol-o-d] yields ethoxydimethylsilane-Si-d;.
Dimethylsilylene also inserts into O-H single bonds of water or D,0 to
yield respectively tetramethylsiloxane or tetramcthy]silbxane-Siz-dz.
Dimethylsilylene also inserts into N-H bonds of 1° and 2° amines to
yield aminodimctﬁylsilanes. This reaction provides an efficient route

to difunctional silanes.




Insertion reactions of dimethylsilylene into silicon-hydrogen single

L and into silicon-oxygen single bonds of alkoxysﬂanes.3’4 and ;

bonds ,
strained cyclic snoxanoss‘6 have been previously reported. We should
1ike to report insertion reactions of dimethylsilylene into both 0-H and

N-H single bonds which provide efficient methods to generate difunctional

|

organosilanes.
Dimethylsilylene gencrated by photolysis of dodecamethylcyclohexa-

snanc4 in a solution of ether and ethanol yields ethoxydimethylsilane

(87!).7 Yields are reported based on the generation of two dimethylsilylenes
for each dodecamethylcyclohexasilane which is the limiting reagent. Similar

reaction of dimethylsilylene with cthanol-o-d] yields ethoxydimethylsilane-

Si-d] (84%). We believe this procedure, which does not involve reduction
with 1ithium aluminum deuteride, may provide the most efficient and economical

route to functional deuterium labelled silanes.

[(CH3)251:] + CH CHz-O-D ——-(CH3)ZSi-O-CH2CH

3 3

- Similar reactions of dimethylsilylene with methanol and t-butanol yield

methoxydimethylsilane (89".)8 and t-butoxydimethylsilane (851)9 respectively.

Likewise, mefhyIphcnyIsi1ylcne generated by photolysis of octamethyl-2,3-

mo,n

diphenyltetrasilane in a solution of ether and t-butanol yields t-

butoxymethylphenylsilane (77%).
CH CH

[ 3::511 + '(CM3)3C-0-H — 3\\51::
. o7 0-C(CHy),

It should be noted that the reaction of difluorosilylene with methanol

e R v IRy

H

did not yield the expected adduct, mcthoxydifluorosilane, although it was

proposed as an intermediate involved in the formation of dimethoxydifluorosilane,

a minor product of this rv:au:tion.‘2
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Dimethylsilylene also inserts into the 0-H single bonds of water to
yield tetramethyldisiloxane (85%). The ;caction is carried out by photolysis
of a solution of dodecamethylcyclohexasilane in ether saturatgd with water.
The efficiency of this reaction makes it imperative that anhydrous conditions
be rigorously maintained 1f reaction of dimethylsilylene with otﬁcr substrates
are to be successful. If water is reblaced by 020. tetramethyldisiloxane-
Siz-dz is produced (87%). Analogous reaction of difluorosilylene with
water to ydield tetrafluorodisiloxane has been previously observca"d.]3

[(CH),51:] + D0 — (cn3)231/°\ii(cn3)z

Likewise, dimethylsilylene inserts into N-H single bonds of secondary
amines, such as diethylamine and 2.2-dimethylaziridincM to yield respectively
N,N-diethylaminodimethylsilane (811)15 and 2,2-dimethylaziridinodimethyl-

silane (B85%). MNo insertion of the dimethylsilylene into the strained

carbon-nitrogen single bonds-of the 2,2-dimethylaziridine was obﬁorved.

}N-n + [(cHy)p89:) —u ;N-?i(t&%)z
“ -

The insertion of dimethylsilylene into one of the primary N-H single bonds of
t-butylamine yields N-t-butylaminodimethylsilane (861).]6

On the other hand, photolysis (2537 R) of an ether solution of
dodecamethylcyclohexasilane and n-propanethiol did not yield any g}propy1-
thiodimethylsilane, the expected product of insertion of dimethylsilylene

into the S-H single bond of n-propanethiol.

Experimental

IR spectra were determined as CC14 solutions on a Perkin-Elner 281

spectrometer. MNMR spectra were recorded on a Varfan XL-100 spectrometer
using 5% solutions in CDC13 with an internal standard of chloroform. Mass

spectra were determined on a duPont 21-492 at an fonizing voltage of 70 eV.
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UV spectra were run on a Beckman Acta M spectrometer. Samples of all
compounds for spectra analysis were purified by preparative vapor phase

chromatography on a Hewlett Packard F&M 700, Yields of products were

determined by GLPC with cyclooctane added as an internal standard.
Yields are based on two moles of dimethylsilylene per mole of dodecamethyl-
cyclohexasilane.

AN of the starting materials and most of the products are known

compounds. They had physical and spectral properties in complete agreement
with literature values. In those cases where spectral data have not been
previously reported, we have included these data.

Ether and tetrahydrofuran were purified by distillation from a solution
of -sodium benzophenone ketyl immediately prior to use. ' .

Diethylamine and t-butylamine were distilled from potassium hydroxide
pellets immediately prior to use.

2,2-Dimethylaziridine was prepared from 2-amino-2-methyl-1-propanol
by the method of Mcyers.M -
‘ Absolute ethanol was used without further purification. Methanol and
ethano1-0-d:7wvre refluxed over calcium o;ide and were distilled immediately
prior to use. t-Butanol was refluxed over calcium hydride and was distilled
immediately prior to use. Deuterifum oxide (020)‘7 was used without further
purification:

Dodecamethylcyclohexasilane was prepared by the reaction of dimethyl-
dichlorosilane and excess lithium metal in tf:i:rahydrofuran.]8']9

Oc tanethyl-2,3-diphenyltetrasilane was prepared by the reaction of
trimethylchorosilane and methylphenyldichlorosilane with 1ithium metal
n

fn tetrahydrofuran.

Photolysis of dodecamethylcyclohexasilane in 2,2-dimethylaziridine.

The following is a typical procedure. A solution of dodecamethylcyclo-
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hexasilane (105 mg, 0.3 mmol) in 2.2-dimgthylazir1dinc (1.42 g, 20 mmol)

was placed in a quartz nmr tube. The solution was dcoxygenated by bubbling
purified nitrogen through %t for 10 min prior to irradiation with a 450 W
medium pressure Hanovia Hg lamp for 90 min at 5°C in an ice/water bath,

GLPC anaiysis of the resulting colorless solution on a 1/4" x 7' 20% SE-30

on Chromosorb W 60/80 mesh column indicated 85% yield of 2,2-dimethylaziridino-

1

dimethylsilane. It had the following spectral properties: IR Si-H 2060 cm™ . NMR &

4.27 (sept. 1H, J = 3 Hz), 1.65 (s, 2H), 1.24 (s, 6H), 0.19 (d, 6H, J = 3 Hz).

Mass spectrum: Parent m/e = 129 (54%), calcd. C NSi 129.097; found

6Ms
129.097; P-1 m/e = 128 (78%), P-15 m/e = 114 (100%).

Photolysis of dodecamethylcyclohexasilane in dicthylamine was
carried out as above to yield N.N-diethy]aminodir:.othy]silane‘5 (B1%). It

had the following spectral properties: IR Si-H 2120 ),

NMR & 4.27.
(sept., TH, J = 3 Hz), 2.79 (q, AH, J = 7 Hz), 0.97 (t, 6H, J = 7 Hz),
0.095 (d, 61, J = 3 Hz). Mass spectrum: Parent m/e = 131 (20%), P-1 m/e
= 130 (8%), P-15 m/e = 116 (100%).

-

Photolysis of dodecamethylcyclohexasilane in t-butylamine was

carried out as above to yield N-g-butylam{nodimethylsilane16 (86%). It

had the following spectral properties: IR N-H 3395 cm'l. Si-# 2110 cn”'.

NMR & 4.49 (d sept., 1H, J = 2.75 and 3 Hz), 1.11 (s, 9H), 0.097 (d, 6M,

J = 3 Hz). Mass spectrum: Parent m/e = 131 (21%), P-15 m/e = 116 (100%).

Photolysis of dodecamethylcyclohexasilane with water.

Dodecamethylcyclohexasilane (70 mg, 0.2 mmol) was dissolved in ether
(1.18 g, 16 mmol) + saturated with water in a quartz NMR tube. This
solution was photolyzed as above and the resulting colorless solution was
analyzed by GLPC on a 1/4" x 12' 20% SE-30 on Chromosorb W 60/80 mesh
column. l.l.2.Z-Tetramethyldisiloxane (85%) was isolated. It was

fdentified by comparison of fts IR and NMR spectral properties and GLPC




1

20 1p si-4 2120 en”,

retention time with those of an authentic sample.

$§-0 1055 cm”!.

NMR & 4.66 (sept., 24, J = 2.8 Hz), 0.17 (d, 6H, J =
2.8 Hz). Mass spectrum: Parent-1 m/e =133 (72%), P-15 m/e = 119 (100%).

Photolysis of dodecamethylcyclohexasilane with D,0 was carried out

as above. 1.1.2.2-Tctramethyldisiloxanc-Siz-dz was obtained in 82%

yield. It had the following spectral properties: IR Si-D 1550 cm".

$§-0 1055 cm” .

NMR & 0.17 (s). Mass spectrum: Parent-2 m/e = 134
(52%), P-15 m/e = 121 (100%).

Photolysis of dodecamethylcyclohexasilane with ethanol.

A mixture of dodecamethylcyclohexasilane (70 mg, 0.2 mmol) and
ethanol (230 mg, 5 mmol) was dissolved in ether (1.11 g, 15 mmol) in
a quartz NMR tube. This solution was photolyzed as above. Analysis of

the resulting colorless solution by GLPC on a 1/4" x 12' 20% SE-30 on

Chromosorb W 60/80 mesh column showed the formation of ethoxydimethyl-

silane (871).7 It had the following spectral properties: IR Si-H 2110

em™, $1-0 and C-0 1080, 1110 cn”'.

NMR & 4.59 (sept., 1H, J = 2.8 Hz),
3.68 (q, 2H, J = 7 H2), 1.19 (t, 3H, J = 7 Hz), 0.19 (d, 6H, J = 2.8 Hz).
Mass spectrum: Parent m/e = 104 (44%), P-1 m/e = 103 (100%), P-15

m/e = 89 (72%), P-29 m/e = 75 (81%).

Photolysis of dodecamethylcyclohexasilane with ethanol-0-d, was

carried out as above. Ethoxydimethylsilane-Si-d] was obtained in 84% yield.

It had the following spectral properties: IR Si-D 1535 cm". Si-0 and

€-0 1080, 1110 cm™".

NMR & 3.68 (q, 2H, J = 7 Hz), 1.19 (t, 3H, J = 7 Hz2),
0.19 (s, 6H). Mass spectrum: Parent m/e = 105 (3.3%), P-2 m/e = 103

(54%), P-15 m/e = 90 (100%).

Photolysis of dodecamethylcyclohexasilane with t-butanol was carried

out as above. _t_—Butoxydimethylsﬂane9 was obtained in 85% yield. It
had the following spectral properties. IR Si-H 2110 en™), $§-0 and C-0
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V. ONMR 6 4.72 (sept., 1M, J = 2.8 Hz), 1.26 (s, OH),

1020 and 1045 cm .

0.16 (d, 6H, J = 2.8 Hz). Mass spectrum: Parent-1 m/e = 131 (0.2%),
P-15 m/e = 117 (58%), P-57 m/e = 75 (100%).

Photolysis of dodecamethylcyclohexasilane with methanol was carried

out as above except that THF was used in the place of ether as solvent.
Methoxydimethylsilane7 was obtained in 89% yield. It had the following
spectral properties: IR Si-H 2120 cn™), Si-0 and C-0 broad 1095 cm™'. NMR &
4.57 (sept., 1H, J = 2.8 Hz), 3.45 (s, 3H), 0.19 (d, 64, J = 2.8 Hz).
Photolysis of octamethyl-2,3-diphenyltetrasilane with t-butanol.

A mixture of ocatmethyl-2 3-diphenyltetrasilane (42.5 mg, 0.11 mmol)

and t-butanol (122 mg, 1.65 nmol) was dissolved in ether (1.11 g, 15 mmol)
in a quartz NMR tube. This solution was photolyzed as above.

GLPC analysis of the resulting pale yellow solution on a 1/4" x 12 20i
SE-30 on Chromosorb W 60/80 mesh column indicated a 77% yield of t-
butoxymethylphenylsilane. It had the following spectral properties.

1. $i-0 and C-0 1020 and 1040 cn™'.

IR S4-H (30 cm~ UV (cyclohexane)

°
Ash 2470 A (c 397), xmax 2530 (490), Amax 2590 (600), Amax 2640 (%88),
xmax 2700 (441), Ash 2750 (206). NMR 8 7.62-7.45 (w, 2H), 7.39-7.25 (m,
3H), 5.12 (q, 1H, J = 2.8 Hz), 1.28 (s, 9H), 0.40 (d, 3H, J = 2.8 Hz).
Mass spectrum: Parent m/e = 194 (16.5%), calcd. €My g0ST 194.113, found

194115, P-lg m/e = 179 (75%); P-57 m/e = 137 (100%).
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APPENDIX 11

Mechanism of the Reactions of Dimethylsilylene with Oxetanes

*
Tai-Yin Yang Gu and William P. Weber
Department of Chemistry
University of Southern California

Los Angeles, California 90007

Abstract: Dimethylsilylene reacts with oxetane to give high yields of
allyloxydimethylsilane and 2,7-dimethyl-1-oxa-2-silacyclopentane. These
products result from decomposition of an initial 1,2-zwitterionic inter-
mediate which is formed by coordination of the electrophilic dimethyl-
silylene with the oxygen of oxetane. Similar results have been obtained

from the reactions of dimethylsilylene with 2-methyloxetane, 2,2-dimethyl-

oxetane, and 3,3-dimethyloxetane.




We should like to report a novel insertion reaction of dimethylsilylene
into the strained carbon-oxygen single bonds of oxetanes.‘ For example,
dimethylsilylene generated by photolysis of dodecamethylcyclohexasilane2
in oxetane solvent at 0°C yields a]lyloxydimethylsilane3 (I) (38%) and
2,2-dimethyl-l-oxa-Z-si1acyclopentane4 (IT) (41%). The yields reported

are based on the generation of two dimethylsilylenes from each dodecamethyl-

cyclohexasilane.2

[(CHy),S51:] + jo _— /'\/o-zi(cu:‘)z + <o/‘51(cu3)2

1 : 11

It should be noted that in control experiments no reaction of dimethyl-

silylene with unstrained aliphatic ethers such as tetrahydrofuran or
diethyl ether was observed.5 The reaction of dimethylsilylene with
oxetane to yield Il must be quite exothermic (at least 100 kcal/mol) on

the basis of thermochemical bond additivity. Thus,the reaction involves

breaking a carbon-oxygen single bond (85.5 kcal/mol); formation of new
silicon-carbon (76 kcal/mol) and silicon-oxygen (106 kcal/mol) single
bonds;6 and release of the oxetane strain energy (= 25 kcal/mol).7 This
calculation is incomplete due to the lack of knowledge concerning the
probably small strain energy of II, which may result from constraint of
a $i-0-C bond in a five membered heterocycle. The facile polymerization

of II may reflect this strain energy.8

1f 11 is formed by direct insertion of dimethylsilylene into a

carbon-oxygen single bond of oxetane in a single step, one might assume
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that II would be formed in a vibrationally excited ground state. This
excess vibrational energy could be lost by collisional deactivation

with solvent or by undergoing a retro-hydrosilation reaction to yield

1.9
< Si(CH3)2
ey ,/ 0
e«‘
{ /51(cu3)2 o™

g o PN

Si(CH3)2

To test this hypothesis, the photolysis of dodecamethylcyclohexasilane
in oxetane solvent was carried out at -98°C in a quartz Dewar. Under
these conditions, we expected the ratio of 1:1I which is approximately
1:1 at 0° to shift in favor of II. However, under these conditions,
the only product formed is 1.

This led us to propose the following alternative hypothesis.
Initial electrophilic attack by dimethylsilylene on a lone pair of
electrons of the oxygen of the oxetane yields a zwitterionic intermediate (I11)
which can react further by two pathways. The first involves intra-
molecular proton abstraction from C-3 of the oxetane ring by the
negatively charged silicon with simultancous fragmentation to yield
I. A unique low energy vibrational puckering mode of the oxetane ring

exists.‘o

If a similar vibrational mode exists for the zwitterionic
intermediate, it may permit the facile attainment of a non-planar

puckered conformation which will bring a hydrogen atom on C-3 and the

negatively charged silicon center into close proximity. This would favor

N
")%04 b v”c"a)z

this reaction pathway.
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The second pathway involves heterolytic fragmentation of a carbon-

oxygen single bond of the zwitterionic intermediate to yield a carbonium
.1on - silyl anion, a 1,5-zwitterion (lv)Iwhich combines by cyclization
to yield II. The fact that at -98°C only I is formed indicates that the

second pathway has a higher energy of activation than the first.

Tsi(euy), ?1(cu3)2
V. : { \
vo’ i ‘</o : —e o/si (CH3)2
111 v

Additional support for this proposal comes from the following three
experiments. Reaction of dimethylsilylene with 3,3-dimethyloxetane
yields only 2,2,4 4-tetramethyl-1-oxa-2-silacyclopentane ( V) (901).]]']2
Reaction of dimethylsilylene with 2,2-dimethyloxetane yields . e
only 2,2,3,3-tetramethyl-1-oxa-2-silacyclopentane /1) (26%), 3-methyl-
2-butenyloxydimethylsilane (VI1) (44%) 3 and 3-methy1-3-b;tenyloxydimethyl-
silane WIIT1) (130. The regiospecific formation of yj 5 expected since

heterolytic fragmentation of a carbon-oxygen single bond of the

zwitterionic intermediate is expected to lead to a tertiary carbonium

fon in preference to a primary one. The formation of VII in preference to VIII is

favored by the greater stability of the more substituted alkene product and

by the more facile abstraction of a proton from a 2° carbon compared to a

1° one.

—

};i(cns)ZW

0

-Si(CMé)z —_




On the other hand, reaction of dimethylsilylene with 2-methyloxetane '
yields 2,2,3-trimethyl-1-oxa-2-silacyclopentane (IX) (29%), E-2-
butenyloxydimethylsilane (X) (26%), Z-2-butenyloxydimethylsilane (x1) (22%)
1-methylallyloxydimethylsilane (XII) (1%), and 3-butenyloxydimethylsilane
(XIII) (21).3 These latter two minor products were only identified by
comparison of their GLPC retention times with authentic samples.

The regioselective formation of 1X is expected since heterolytic
fragmentation of a carbon-ox}gen single bond of the zwitterionic intermediate
is expected to lead to a secondary carbonium ion in preference to a

primary one. The formation of IX was confirmed by independent

synthesis of the other possible isomer, 2,2,5-trimethyl-1-oxa-2-silacyclo-

pentane (”V)]%y an intramolecular hydrosilation reaction of 1-methyl- j
|

allyloxydimethylsilane catalyzed by chloroplatinic acia.3

CH

e
CH
/,Si(CH3)2

e
; - 0
___1 + [(cHy),81:) Ix CH, .

X 1P \/k"“sq (CHy),
/ H
C"sQ‘ (eny), _ o

Xiv

The predominant formation of X and XI rather than XII may result from

preferential fragmentation of the 1,2-zwitterfonic intermediate to. form.
the more stable alkenes. The relative ease of proton abstration from
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